The European sea bass is a short-day breeder, a characteristic that is highly valued in aquaculture. A 2 high percentage of males of this species mature precociously before reaching commercial size, 
The success of current marine aquaculture is based on a sound knowledge of animal biology, 2 the application of new technologies, the development of specific diets, and control over diseases, 3 genetics, and reproduction in fish farming. Controlling reproduction is an important aspect in order 4 to obtain spawns from brood stocks to prevent over-exploitation of wild stocks and to produce fish 5 with faster growth rates by manipulating their natural reproductive rhythms, thus allowing the 6 farmer to obtain higher profits. 7 The reproductive process, like many others, is rhythmic. The physiological functions of 8 living organisms have adapted to occur at those moments of the day, and also year, when the 9 probability of success is the highest (Foster & Kreitzman, 2004) . Cyclic changes in environmental 10 factors are responsible for the generation of biological rhythms in organisms, with photoperiod 11 being the most important cue in entraining these rhythms as exemplified by a recent study involving 12 light synchronization of the circadian rhythm of spawning in gilthead sea bream (Mesequer et al., 13 2008). Therefore, the study of reproductive hormone circadian variations may provide interesting 14 information that could contribute to a better understanding of reproductive function of fish and 15 other species. 16 The European sea bass (Dicentrarchus labrax) is a teleost fish species that is highly valued 17 in Mediterranean aquaculture. A high percentage of the males of this species mature precociously 18 during their first year of life, before reaching commercial size, which in this species occurs at 19 around 18 months of age (Carrillo et al., 1995) . This circumstance results in important economic 20 losses for fish farmers, since the nutrients and energy obtained by feeding during this period are 21 invested in gonadal development, at the expense of somatic growth. Moreover, flesh quality 22 decreases while sexual maturation is taking place (Bromage et al., 2001 ). 23 Reproductive control, therefore, is crucial to optimizing or extending the somatic growth 24 period of male sea bass, and photoperiod manipulation seems to be an effective method to achieve 25 such. . A number of studies have been conducted on several cultured fish species with the objective 26 5 of delaying or advancing gonadal maturation and spawning, using photoperiod manipulation, 1 among other techniques . Artificial photoperiods have been reported to be an 2 effective method for delaying sea bass puberty (Zanuy et al., 2001 ) and/or altering spawning time 3 (Carrillo et al., 1993) . In later studies (Rodríguez et inhibiting early precocity (Beghtashi et al., 2004) , and for dramatically reducing the levels of 13 several reproductive hormones (Rodríguez et al., 2005) . However, and despite their importance, no 14 data are yet available concerning the daily rhythms of reproductive hormones in fish kept under LL. 15 This is especially relevant considering the great differences that exist between the reproductive 16 effects of long photoperiods, such as that applied in the study by Bayarri et al. (2004) , and LL, 17 which delays or inhibits puberty and reproductive hormones, respectively. 18 The characterization and temporal appearance of male sea bass gonadal stages, as well as ). These studies have provided valuable information for selecting the relevant times for 22 sampling and studying hormonal daily rhythms, i.e., pre-spermatogenesis (PSpg) in September, 23 with low hormonal levels; spermatogenesis (Spg) in November, with the first significant surge of 24 hormones and morphological indexes; spermiation (Spm) in February, with maximum hormone 25 levels; and post-spermiation (PSpm) in May, with basal hormonal levels. 26 6 In a previous study (Bayarri et al., 2004) , we tested the effects of a long photoperiod 1 (18L:6D) applied beginning in the early stages of development on male European sea bass. The aim 2 of the present study was to test the effects of LL, a treatment that presumably disrupts the melatonin 3 rhythm, on the circadian variation of a number of reproductive hormones of the brain-pituitary- 4 gonad axis (gonadotrophin releasing hormone, luteinizing hormone, and sexual steroids) during 5 four critical stages of the reproductive cycle of this species: PSpg, Spg, Spm, and PSpm. December). The fish were kept under a natural temperature regime throughout the experiment 25ºC), with the daily oscillation within a range of 0.5ºC. Light in each tank was supplied by 11 tungsten bulbs (PAR38Pro, Philips, Madrid, Spain) providing 650-700 lux at the water's surface, 12 and the simulated natural photoperiod was controlled by an electronic clock (ORBIS, Madrid, 13 Spain), programmed weekly according to local geographical coordinates. Experimental procedure 21 The objective of this experiment was to analyze the effects of LL on the daily variation of 22 reproductive hormones and precocity of male European sea bass during their first year of life. PSpg, Spg, Spm, and PSpm. Blood was collected by caudal punction, using heparinized syringes, 1 and plasma was separated by centrifugation and preserved in aliquots at -80ºC until the time of 2 analysis. The pituitary was removed and frozen separately in liquid nitrogen. 3 
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The pituitary was individually homogenized with a syringe in 250 ml of phosphate buffered 5 saline tween-20 (PBST), and extracted for 10 min at 80ºC by adding 2N acetic acid to each 6 microcentrifuge tube containing pituitary homogenate. After centrifugation (13000 g for 30 min at 7 4ºC), the supernatants were dried in a speed vacuum and reconstituted in EIA buffer for analysis. 8 The pituitary sbGnRH content was measured in reconstituted samples using a competitive enzyme-9 linked immunosorbent assay (ELISA) similar to that described by Holland et al. (1998) , which was 10 modified for sea bass. The sensitivity of the assay was 6 pg/well, and cross-reactivity with cII and 11 sGnRH was calculated to be 0.6 and 0.4%, respectively. 12 plasma levels. The sensitivity of the assay was approximately 0.6 ng/ml, and the intra and inter- 15 assay coefficients of variation were approximately 11% and 13%, respectively. 16 Steroid assays 17 A specific enzyme immunoassay (EIA) developed by Rodríguez et al. (2000a) for sea bass 18 was used to determine plasma testosterone levels. Plasma 11-ketotestosterone levels were analyzed 19 using an EIA originally developed for Siberian sturgeon (Cuisset et al., 1994) , which was modified 20 for sea bass, and using a final dilution of 1:320000 for primary antibodies and 1:10 for the tracer 21 (Cayman Chemicals, MI, USA) (Rodríguez et al., 2001a) . 22 Determination of precocity 23 Every 15 days, from February to May, the fish from both groups were subjected to an 24 abdominal massage to determine how many of them released sperm. 25 Data analysis 26 9 Data are expressed as mean ± SEM values. The statistical differences between the groups 1 were determined by a one-way analysis of variance (ANOVA), followed by a Tukey's test, with p < 2 0.05 considered the threshold for statistical significance. within a given light regime also yielded significant differences at certain time points. In this case, 6 highest LH values in the NP group were recorded at night (23:30 and 02:30 h) during Spg, and at h (PSpm). Significant differences were seen at several time points during the daily cycle in the 14 concentration of this hormone in fish exposed to LL vs. NP conditions. Thus, 11-KT levels were 15 significantly higher in the NP group at 02:30, 08:30, and 11:30 h during PSpg, 11:30 h during Spg, 16 and during the last half of the scotophase and first half of the photophase in PSpm (i.e., 02:30, 17 05:30, 08:30, 11:30 h). The highest levels of the plasma 11-KT annual variation for both light 18 treatments occurred during the first half of the reproductive cycle, i.e., PSpg and Spg. 19 Plasma testosterone levels of fish subjected to NP exhibited significant daily variation 20 during PSpg, with a peak at 11:30 h, and also during PSpm, with a maximum concentration at 02:30 21 h, followed by a smooth decrease ( Figure 5 ). Under LL, however, it was only during Spg that a temperature, which were still present. However, the 24 h rhythmicity did appear to be altered. 12 In the present experiment, pituitary sbGnRH levels under NP conditions did not vary over 13 the 24 h cycle, except in May, i.e., during the PSpm stage. Therefore, our results do not agree with 14 those of Bayarri et al. (2004) , who found significant daily variations near spermatogenesis 15 (December) in male sea bass kept in sea cages. This discrepancy might suggest that the daily 16 pituitary sbGnRH profile is not relevant for completing the reproductive process of male sea bass, 17 and that other hormones are ultimately responsible. In the fish that we exposed to LL, pituitary sbGnRH maximum. 5 Pituitary LH, in those fish subjected to NP, failed to exhibit statistically significant daily 6 rhythms at any stage of the reproductive cycle. However, the shape of November (Spg) daily profile induced the appearance of significant pituitary LH rhythms during Spg. In our experiment, the 11 circadian variation in LH under LL was only significant during PSpg (September) and PSpm (May). 12 The highest values throughout the reproductive cycle were recorded during Spm (10-15 µg/mg prot) 13 under both light treatments. The lack of studies regarding daily and annual pituitary LH rhythms in 14 other species makes it difficult to undertake any further comparisons with our results. 15 Plasma LH peaked under NP at 23:30 h during Spg and Spm, the most critical stages of the 16 reproductive cycle. Similar results were reported by Bayarri et al. (2004) , who found a relationship 17 between the onset of the scotophase and the appearance of the nocturnal LH rise in December, 18 when a long photoperiod (18L:6D) was tested on sea bass. In fish exposed to this long photoperiod, 19 the LH peak appeared after a 5 h delay, coinciding with the delay in the beginning of the dark 20 period, with the ultimate consequence being a delay in puberty (Carrillo et al., unpublished results). 21 In our case, no nocturnal peaks were detected during the Spg or Spm stages in fish exposed to LL. 22 The lack of plasma LH daily rhythmicity under LL at such important reproductive times may 23 partially explain the inhibition of precocity, since LL prevented the hormonal cascade from being 24 completed. The nocturnal LH surges found in pre-pubertal sea bass (Bayarri et al., 2004 ) may 25 resemble in certain aspects the LH pattern described in pre-pubertal humans, according to a study 26 15 conducted by Wu (1995) . This pattern of nocturnal plasma LH peaks appears again in the results we 1 have now obtained for male sea bass during their first year of life. According to Zohar (1988) , the 2 profile of the fish LH surge depends on the physiology of the gonad. For instance, in female sea 3 bream (Sparus aurata), a species with non-synchronous ovarian development, a daily pre-ovulatory 4 plasma LH peak was reported to appear 6 h before spawning (Zohar, 1988) . In male carp, on the 5 other hand, some authors have described a time interval of 12 h between gonadotropin (GtH) rise 6 and spermiation (Courtois et al., 1986; Saad & Billard, 1985) . The lowest concentration of LH over 7 the reproductive cycle was found during PSpg in September. This is similar to the findings of 11-KT appears to be higher in dominant male rainbow trout than in 24 subordinate fish (Cardwell et al., 1996) , and it induces typical male-type spawning behavior in male 25 goldfish (Kobayashi & Nakanishi, 1999) . Therefore, absence of high levels of 11-KT during part of 26 the daily cycle under LL might probably be sufficient to modify sea bass reproduction, inhibiting 1 precocity, for example. Maximum 11-KT concentration in our study was detected at the beginning 2 of the cycle, during PSpg and Spg, which agrees with previous published results, and indicating the 3 maximum effect of 11-KT on this species occurs during spermiogenesis (Rodríguez et al., 2000b) . 4 Under LL, 11-KT levels were also high during PSpg, although significantly lower than under NP. 5 Under NP conditions, testosterone showed circadian variation during PSpg and PSpm. In 6 fish exposed to LL, however, a daily rhythm was found only during Spg, with lowest values 
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